and constitutes about 60-80% of the total weight and volume of the areca fruit. The areca husk fiber is composed of cellulose with varying proportions of hemicelluloses (35-64.8%) and lignin (13.0-26.0%), pectin and protopectin [1] [2] [3] . Presently, this highly cellulosic material is being used as a fuel in areca nut process. Thus the use of this husk fiber as structural material requires a detailed study on physical, chemical and mechanical characteristics. Mechanical behaviour of areca composites was studied by few investigators and they found to have a good flexural strength and adhesion tensile properties at 60% fiber loading [4] [5] [6] [7] [8] . Alkali treated areca/epoxy and alkali treated areca/polypropylene composites showed improved tensile strength values [9] [10] . Chemical interlocking at the interface was enhanced and better adhesion with the matrix was observed after potassium permanganate treatment of natural lignocellulosic fibers [10] [11] . 6% and 33% improvement on tensile strength and improved moisture resistance properties were reported for benzoyl chloride treated flax fiber reinforced low density polyethylene composites 12 . Acrylic acid treated abaca fiber reinforced polypropylene composites showed better mechanical performance compared to untreated abaca/polypropylene composites 13 . Acrylated jute fiber reinforced epoxy-phenolic matrix composites showed increase in tensile strength and flexural strength values by 42.2% and 13.9% respectively 14 . Flexural strength and impact strength increased with increase in fiber loading up to 50% for abaca reinforced MAH-PP composites 15 . Abaca-epoxy polymer composites showed increase in impact strength up to 40% fiber loading and then showed a decline. Benzene diazonium chloride treated abaca-epoxy composites with 40% fiber loading showed high impact strength value compared to untreated and other chemically treated abaca-epoxy composites with same 40% fiber loading 16 . Several researchers showed that impact strength increased with increase in fiber loading [17] [18] [19] .
Hence, surface modifications of natural fibers by chemical treatments are more important in the field of technical utilization of natural fiber reinforced polymer composites in various engineering applications. Epoxy resin is the most commonly used matrix material in natural fiber reinforced polymer composite fabrication because of its good adhesive nature, good chemical and environmental resistance, good electrical insulating properties and good mechanical properties.
Impact strength is the capability of the material to withstand a suddenly applied load and impact tests are used in studying the toughness of a material. Impact strength is a very important property of a material governing the life of a structure. The capacity of the aircraft to withstand the impact depends on the strength of the material.
In the present study, areca fibers were treated with alkali, potassium permanganate, benzoyl chloride and acrylic acid to improve interfacial adhesion between the fiber and epoxy resin and to fabricate areca fiber reinforced epoxy composites with improved mechanical properties. Untreated and all chemically treated areca fiber reinforced epoxy composites were prepared with 40%, 50%, 60% and 70% fiber loadings. The impact strength of all untreated and chemically treated areca fiber reinforced epoxy composites were evaluated by following standard procedures. The aim of this research work is to study the effect of chemical modifications on impact strength of areca fiber reinforced epoxy composites under different fiber loadings.
MATERIALS AND METHODS

Materials
Areca empty fruits were obtained from Madhu Farm House, Nilogal, Davangere, Karnataka, India. The analytical grade reagents were purchased from Qualigens Company and used as received.
Fiber Extraction
The dried areca empty fruits were soaked in de-ionized water for about five days. This process is called retting; allowing the fiber to be removed from the fruit easily. The fibers were removed from the fruit and separated with a comb. After drying in the room temperature, the fibers were combed in a carding frame to further separate the fibers into an individual state. Then a sieve was used to remove broken fibers and impurities. The resulting fibers were treated in the condition (temperature 30 o C, RH 70%) for 72 h before the chemical treatment.
Alkali treatment
Areca fibers were soaked in a stainless steel vessel containing 6% NaOH solution at the room temperature (30-32 o C) for 1h. The alkali treated fibers were immersed in distilled water for 24 h to remove the residual NaOH. Final washing was done with distilled water containing little amount of acetic acid. Fibers were dehydrated in an oven at 70 o C for 3 h.
Potassium permanganate treatment
Areca fibers, pre-treated with 6% alkali were immersed in 0.5% KMnO 4 in acetone solution for 30 min. The fibers were then decanted and dried in air.
Benzoyl chloride treatment
During benzoylation treatment, 6% alkali pre-treatment was used to activate the hydroxyl groups of the fibers. This alkali pre-treated areca fibers were soaked in 6% NaOH and agitated with benzoyl chloride for 15 min. Then the treated areca fibers were soaked in ethanol solution for 1 h to remove benzoyl chloride that adhered to the fiber surface washed thoroughly using distilled water and dried in air.
Acrylic acid treatment
6% alkali treated areca fibers were immersed in 5% acrylic acid solution at 50 o C for a period of 1 h and then treated fibers were washed thoroughly using distilled water and dried in air.
Composite fabrication
The composite preparation process was performed in the following order. First, the Epoxy-556 resin of density 1.15 -1.20 g/cm 3 and the HY951 hardener were mixed in 10:1 ratio. One half of resin was placed inside the mixing chamber for about 1 min at 20 RPM; then fibers were added over a period of 2 min. Then, the other half of the epoxy resin was placed inside the mixing chamber and the mixing speed was increased to 30 RPM for 5 min. The resulting material was compression molded at a pressure of 0.5 MPa using a Santec compression molding press. Finally, the composites were postcured at room temperature for 15 days. The volume fractions 40%, 50%, 60% and 70% of fiber was carefully controlled during the mixing of two ingredients. The moulds have been prepared with dimensions of 300 mm × 300 mm × 10 mm. The equation (1) was used in the composite fabrication where W f is the weight of fiber (g), W m is the weight of matrix (g), V f is the fiber volume fraction (%),  m is the density of matrix (g/cm 3 ) and  f is the density of fiber (g/cm 3 ).
Impact Strength
Specimens prepared for the impact test were cut with help of zig saw and impact energy absorbed by the specimens was determined by performing Charpy method of impact testing methods as per ASTM-D256-90 with notched specimens using Instron Pendulum Tester (9050 Manual Model). The width and depth of each specimen was measured with a micrometer screw gauge to the nearest 0.01 mm, and the length was measured to the nearest 0.1 mm with digital calliper. The mean specimen dimensions were used to calculate strength. For the test, specimen of length of 55 mm with square cross section of 10 mm side and the U notch is made at the center of the specimen for a depth of 5 mm. At least five replicate specimens were tested and the results were presented as an average of tested specimens. The impact tests were conducted at a standard laboratory atmosphere, 30±2 o C and 65% relative humidity (RH 65%).
RESULTS AND DISCUSSION
Chemical treatments of areca fibers
Chemical treatments of natural fiber would remove the impurities like pectin, fat and lignin present in the fiber. After the chemical treatment a rougher fiber surface may result due to the introduction of some reactive groups into the fiber. Hence, chemical treatments facilitate efficient coupling with polymeric resin, improve interfacial properties and as a result natural fiber reinforced polymer composites with better mechanical properties can be obtained 3, [20] [21] [22] [23] [24] [25] [26] [27] [28] .
Alkali treatment of areca fibers
Fiber-cell-O-Na groups are formed between the cellulose molecular chains due to the reaction of areca fiber with sodium hydroxide. There is a removal of hydrogen bonding in the network structure and formation of new reactive hydrogen bonds between the cellular molecular chains. As a result, the natural crystalline structure of the cellulose relaxed.
linkage is formed by the carboxylic acids present in acrylic acid.
Impact strength
Impact strength is the capability of the material to withstand a suddenly applied load and is expressed in terms of energy (J/mm²). Charpy impact test determines the amount of energy absorbed in Joules by a material during fracture and it is a measure of materials toughness. A material's toughness is its ability to absorb energy during plastic deformation. It acts as a tool to study brittle -ductile transition. Brittle materials have low toughness and they can endure a small amount of plastic deformation. On impact, the energy of the pendulum is transferred to the test specimen and a part of the energy is consumed during fracture of the specimen. The impact strength of natural fiber reinforced polymer composites depends upon fiber aspect ratio and fiber rigidity. The total energy absorbed by the polymer composite is the sum of the energy consumed during plastic deformation and the energy needed for creating new surfaces. In this study, untreated and chemically treated areca/epoxy composites were fabricated with different fiber loadings of 40%, 50%, 60% and 70% and impact energy absorbed for all areca fiber reinforced epoxy composites are given in Table 1 . The impact energy absorbed for all untreated and chemically treated areca fiber reinforced epoxy composites with 40%, 50%, 60% and 70% fiber loadings are illustrated in Figure 1 .
It is very important to know optimum fiber loading to get good impact properties 29 . From Table  1 and Figure 1 it is observed that areca/epoxy composites with 60% fiber loading showed maximum impact energy absorbed compared to areca/epoxy composites with other fiber loadings. Irrespective of the chemical treatment, all chemically treated areca/epoxy composites showed higher impact energy absorbed than the untreated areca/ epoxy composites. 
Benzoyl chloride treatment of areca fibers
An ester linkage is formed by the reaction between benzoyl chloride and alkali treated areca fibers. This reduced its hydrophilicity and made it more compatible with polymer matrix. Benzoylation treatment also enhances thermal stability of areca fibers.
Scheme 3: Reaction between areca fibers and benzoyl chloride
Fiber -O -Na + + + NaCl
Acrylic acid treatment of areca fibers
Acrylic acid provides more access of reactive cellulose macro radicals to the polymerization medium by reacting with the cellulosic hydroxyl groups of the fiber. During reaction with areca fiber, an ester In case of untreated areca/epoxy composites, the impact strength of 60% fiber loading increased by 18.52% compared to 40% fiber loading, 5.79% compared to 50% fiber loading and for 70% fiber loading it decreased by 25.39% compared to 60% fiber loading.
Alkali treatment of areca fibers resulted in reduced fiber diameter and thereby increased the aspect ratio. As a result effective fiber surface area for good adhesion with the matrix is increased 3, [23] [24] [25] [26] . Hence, alkali treated areca/epoxy composites showed increased impact strength values when compared with that of untreated areca/epoxy composites. In case of alkali treated areca/epoxy composites the impact strengths of 60% fiber loading increased by 120.58% compared to 40% fiber loading, 106.42% compared to 50% fiber loading and for 70% fiber loading it decreased by 55.04% compared to 60% fiber loading.
Permanganate ions react with the lignin constituents and carve the fiber surface. And as a result areca fiber surface became rough. This improved chemical interlocking at the interface and provided better adhesion with the polymeric resin 3,9,11 . Because of this, permanganate treated areca/epoxy composites showed increased impact strength values when compared with that of untreated areca/epoxy composites. In case of potassium permanganate treated areca/epoxy composites, the impact strengths of 60% fiber loading increased by 117.27% compared to 40% fiber loading, 78.55% compared to 50% fiber loading and for 70% fiber loading it decreased by 54.77% compared to 60% fiber loading.
Benzoylation treatment results in an introduction of ester linkage with areca fibers and it improved chemical interlocking at the interface and provided effective fiber surface area for good adhesion with the matrix 3, 12, 23, [26] [27] . As a result, benzoylated areca fiber reinforced epoxy composites showed increased impact strength values when compared with that of untreated areca/ epoxy composites. In case of benzoyl chloride treated areca/epoxy composites the impact Acrylic acid replaced hydrophilic hydroxyl group by hydrophobic ester groups in the areca fiber and it increased effective fiber surface area for good adhesion with the matrix and enhanced stress transfer capacity at the interface and improved the impact strength 3, 13, 22 . As a result, for acrylic acid treated areca/epoxy composites, higher impact strength values are observed when compared with that of untreated areca/epoxy composites. In case of acrylic acid treated areca/epoxy composites the impact strengths of 60% fiber loading increased by 125.52% compared to 40% fiber loading, 74.14% compared to 50% fiber loading and for 70% fiber loading it decreased by 59.12% compared to 60% fiber loading.
With increase in fiber loading from 40% to 60%, the impact strength values of all untreated as well as chemically treated areca/epoxy composites increased and beyond 60% fiber loading impact strength showed a decline. That means maximum impact strength was given by areca/epoxy composites with 60% fiber loading. This is because of better fiber distribution in matrix, less fiber fractures and effective transfer of load from matrix to fibers at 60% fiber loading. As fiber loading increases, more force is required to pullout the fibers thereby increasing the impact strength. The observed increase in impact strength values with chemical modification and as well as with increase in fiber loading up to 60% is in good agreement with the results reported in literature [15] [16] [17] [18] [19] .
One of the reasons for decrease in impact strength after 60% fiber loading in all untreated and chemically treated areca/epoxy composites is due to fiber pullout. The decrease in impact strength may be due to the micro spaces between the fiber and the matrix which initiates micro cracks on impact and results in crack propagation leading to failure 19 . Alkali, potassium permanganate, benzoyl chloride and acrylic acid treated areca/epoxy composites with 60% fiber loading showed 107.23%, 121.09%, 139.84% and 176.17% increase in impact strength respectively when compared to untreated areca/epoxy composite with same 60% fiber loading. Amongst all the chemical treatments carried out, acrylic acid treated areca fiber reinforced epoxy composites of 60% fiber loading showed maximum impact energy absorbed. These results clearly evidenced that chemical treatments are very effective in surface modification of the areca fiber and in improving the mechanical properties of chemically treated areca/epoxy composites.
CONCLUSIONS
The investigation showed that the impact strength of all untreated and chemically treated areca fiber reinforced epoxy composites increased with increase in fiber loading up to 60% and beyond it showed a decline. Maximum value of impact energy absorbed is observed at 60% fiber loading for all untreated and chemically treated areca/epoxy composites. Impact energy absorbed value of untreated areca/epoxy composites with 60% fiber loading is 10.24 Joules. Amongst all the chemical treatments carried out, acrylic acid treated areca/ epoxy composites of 60% fiber loading showed maximum impact energy absorbed value of 28.28 Joules, followed by benzoyl chloride treatment, permanganate treatment and alkali treatment with impact energy absorbed values of 24.56 Joules, 22.64 Joules and 21.22 Joules respectively at 60% fiber loading. So, these chemically treated areca fiber reinforced epoxy composites with 60% fiber loadings are best suitable for applications where high impact strength is required.
